Acyclic analogues of adenosine bisphosphates as P2Y receptor antagonists: phosphate substitution leads to multiple pathways of inhibition of platelet aggregation.
Activation by ADP of both P2Y(1) and P2Y(12) receptors in platelets contributes to platelet aggregation, and antagonists at these receptor subtypes have antithrombotic properties. In an earlier publication, we have characterized the SAR as P2Y(1) receptor antagonists of acyclic analogues of adenine nucleotides, containing two phosphate groups on a symmetrically branched aliphatic chain, attached at the 9-position of adenine. In this study, we have focused on antiaggregatory effects of P2Y antagonists related to a 2-chloro-N(6)-methyladenine-9-(2-methylpropyl) scaffold, containing uncharged substitutions of the phosphate groups. For the known nucleotide (cyclic and acyclic) bisphosphate antagonists of P2Y(1) receptors, there was a significant correlation between inhibition of aggregation induced by 3.3 microM ADP in rat platelets and inhibition of P2Y(1) receptor-induced phospholipase C (PLC) activity previously determined in turkey erythrocytes. Substitution of the phosphate groups with nonhydrolyzable phosphonate groups preserved platelet antiaggregatory activity. Substitution of one of the phosphate groups with O-acyl greatly reduced the inhibitory potency, which tended to increase upon replacement of both phosphate moieties of the acyclic derivatives with uncharged (e.g., ester) groups. In the series of nonsymmetrically substituted monophosphates, the optimal antagonist potency occurred with the phenylcarbamate group. Among symmetrical diester derivatives, the optimal antagonist potency occurred with the di(phenylacetyl) group. A dipivaloyl derivative, a representative uncharged diester, inhibited ADP-induced aggregation in both rat (K(I) 3.6 microM) and human platelets. It antagonized the ADP-induced inhibition of the cyclic AMP pathway in rat platelets (IC(50) 7 microM) but did not affect hP2Y(1) receptor-induced PLC activity measured in transfected astrocytoma cells. We propose that the uncharged derivatives are acting as antagonists of a parallel pro-aggregatory receptor present on platelets, that is, the P2Y(12) receptor. Thus, different substitution of the same nucleoside scaffold can target either of two P2Y receptors in platelets.